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(54) ELASTIC BOUNDARY WAVE DEVICE AND METHOD OF ITS MANUFACTURE 



(57) An elastic boundary wave device having an 
improved conversion efficiency of an elastic wave gen- 
erated by electrodes and which is not influenced by the 
parasitic resistance between the electrodes. Comb- 
shaped electrodes (3) are formed on a major surface of 
a piezoelectric first substrate (2). A dielectric film (5) 
having a smooth surface is formed on the major surface 
of the first substrate (2) so as to cover the comb-shaped 
electrodes (3), and a silicon base second substrate (6) 
is stuck to the dielectric film (5). 
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Description 

Technical Field 

[0001] The present invention relates to a boundary 
wave device for use with a filter device and an oscillator 
in for example a TV set, a portable telephone unit, a 
PHS unit, and so forth and to a fabrication method 
thereof. 

Background Art 

[0002] As an example of a device using an elastic 
wave, a SAW (Surface Acoustic Wave) device is well 
known. The SAW device is used for various circuits 
(such as a transmission band-pass filter, a reception 
band-pass filter, a local oscillation filter, an antenna 
duplexer, an IF filter, and an FM modulator) that process 
radio signals in a frequency band of for example 45 MHz 
to 2 GHz. 

[0003] Fig. 8 shows a basic structure of such an SAW 
device. Referring to Fig. 8, the SAW device is composed 
of a piezoelectric substrate 100 and IDTs (Interdigital 
Transducers) 101 and 102. The piezoelectric substrate 
100 is composed of for example LiNbOs. The IDTs 101 
and 102 are composed of a metal material such as Al 
thin films. The IDTs 101 and 102 are formed on the pie- 
zoelectric substrate 100 by etching or the like. When a 
radio frequency electric signal is applied to the IDT 101 , 
a SAW 1 03 is excited on the surface of the piezoelectric 
substrate 100. The excited SAW 103 is propagated to 
the IDT 102 through the surface of the piezoelectric 
substrate 100. The IDT 102 converts the SAW 103 into 
an electric signal. 

[0004] Since the SAW device uses a boundary sur- 
face between the solid surface and vacuum or gas 
(namely uses an elastic wave that is propagated 
through the solid surface), the surface of the piezoelec- 
tric substrate that is a propagation medium should be a 
free surface. Thus, chips on the SAW device cannot be 
packaged with plastic mold that is used for semiconduc- 
tors. Thus, the SAW device should have a hollow por- 
tion that assures such a free surface. 
[0005] However, when such a hollow portion is formed 
in the package, the cost of the device rises and the size 
thereof becomes larger. 

[0006] Accordingly, the inventors of the present inven- 
tion has proposed a boundary wave device that has 
functions similar to the SAW device and whose size and 
cost are easily reduced. In the boundary wave device, a 
piezoelectric substrate and a Si substrate are layered 
with IDTs disposed therebetween. The present inven- 
tion is a modification of such a boundary wave device. 
[0007] In other words, a first object of the present 
invention is to provide a boundary wave device and a 
fabrication method thereof that allow the conversion effi- 
ciency of an elastic wave excited by an electrode to be 
improved. 



[0008] In addition, a second object of the present 
invention is to provide a boundary wave device and a 
fabrication method thereof that prevent the device from 
being affected by parasitic resistance between elec- 
5 trodes. 

Disclosure of the Invention 

[0009] To solve such problems, daim 1 of the present 

10 invention is a boundary wave device, comprising a pie- 
zoelectric first substrate, a plurality of electrodes, 
formed on a main surface of the piezoelectric first sub- 
strate, for exciting a boundary wave, a dielectric film 
formed on the piezoelectric first substrate so that the 

15 dielectric film coats the plurality of electrodes and has a 
smooth surface thereon, and a Si second substrate lay- 
ered on the surface of the dielectric film. 
[001 0] Claim 2 of the present invention is a fabrication 
method for a boundary wave device, comprising the 

20 steps of (a) forming a plurality of electrodes for exciting 
a boundary wave on a main surface of a piezoelectric 
first substrate, (b) forming a dielectric film on the main 
surface of the first substrate with the plurality of elec- 
trodes formed, (c) smoothing the surface of the dielec- 

25 trie film formed on the main surface of the piezoelectric 
first substrate, and (d) layering a SI second substrate on 
the surface of the smoothed dielectric film. 
[001 1 ] Claim 3 of the present invention is the fabrica- 
tion method, wherein the step (b) is performed by form- 

30 ing the dielectric film so that the thickness of the 
dielectric film is larger than the thickness of the plurality 
of electrodes, and wherein the step (c) is performed by 
smoothing the surface of the dielectric film so that the 
plurality of electrodes are not exposed. 

35 

Brief Description of Drawings 
[0012] 

40 Fig. 1 is an exploded perspective view showing the 
structure of a boundary wave device according to 
an embodiment of the present invention; 
Fig. 2 is a plan view taken along line A - A of Fig. 1 ; 
Fig. 3 is a schematic diagram showing fabrication 

45 Steps in a fabrication method of a boundary wave 
device according to an embodiment of the present 
invention; 

Fig. 4 is a schematic diagram for explaining another 
fabrication method of the boundary wave device 

50 according to the present invention; 

Fig. 5 is a block diagram showing the structure of a 
mobile communication unit having the boundary 
wave device according to the present invention; 
Fig. 6 is a schematic diagram showing an oscillat- 

55 ing circuit of an RF modulator having the boundary 
wave device according to the present invention; 
Fig. 7 is a schematic diagram for explaining a prob- 
lem to be solved by the present invention; and 
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Fig. 8 is a schematic diagram showing a basic 
structure of a conventional SAW device. 

Best iVIodes for Carrying out the Invention 

5 

[001 3] A boundary wave device is conventionally fab- 
ricated in the following method. For example, Al elec- 
trodes are formed on the surface of a Si substrate. A 
dielectric film is formed on the surface of the Si sub- 
strate with the Al electrodes in such a manner that the io 
dielectric film coats the Al electrodes and buries 
between the Al electrodes. Thereafter, the dielectric film 
is abraded until the Al electrodes are exposed. A piezo- 
electric substrate is layered on the surface of the Si sub- 
strate with the Al electrodes exposed. In this fabrication is 
method, there are following problems. 
[0014] As shown in Fig. 7, when the Al electrodes 10 
are abraded, since it is softer than a Si02 film 1 1 , dents 
are produced on the surfaces of the Al electrodes 10. 
The size of each dent is approximately 30 nm in com- 20 
parison with approximately 5 ^m of the width a of each 
Al electrode. Such dents cause gaps between the Al 
electrodes 10 and the piezoelectric substrate 12. The 
gaps 13 prevent each Al electrode 10 and the piezoe- 
lectric substrate 12 from contacting, thus deteriorating 25 
the conversion efficiency of a boundary wave excited by 
the Al electrodes 10. 

[0015] When the Al electrodes 10 directly contact the 
Si substrate 14, even if the specific resistance of the Si 
substrate is as high as 100n*cm, since conductivity 30 
takes place between Al electrodes 10, a reactive current 
A flow therebetween. Thus, the characteristics of the 
boundary wave device deteriorate. When the electrode 
width, the pitch, the electrode crossing width, and the 
number of electrode pairs of an Al IDT are 1 ^im, 2 ^m, 35 
0.1 mm, and 30, respectively a parasitic resistance of 
1 33Q (that contributes as a reactive current to a parallel 
circuit) takes place. When the boundary wave device is 
used for a radio frequency filter in a portable telephone 
unit, since the filter is normally used at 50^ such a 40 
small parasitic resistance results in a large loss. Thus, 
such a filter cannot be practically used. 
[0016] In contrast, according to the present invention, 
electrodes that excite a boundary wave are formed on a 
piezoelectric first substrate. A dielectric film is formed 45 
on the piezoelectric first substrate with the electrodes 
formed. Thereafter, the surface of the dielectric film is 
smoothed. Thus, the piezoelectric first substrate con- 
tacts the electrodes that excite a boundary wave without 
a gap. Consequently, the conversion efficiency of a so 
boundary wave excited by the electrodes can be 
improved. 

[001 7] In addition, since the dielectric film is disposed 
between the electrodes that excite a boundary wave 
and the Si second substrate (in other words, the elec- ss 
trodes that excite a boundary wave do not directly con- 
tact the Si second substrate), the device can be 
prevented from being affected by the parasitical resist- 



ance between the electrodes. 

[0018] Next, with reference to the accompanying 
drawings, an embodiment of the present invention will 
be described. 

[0019] Figs. 1 and 2 are schematic diagrams showing 
the structure of a boundary wave device according to an 
embodiment of the present invention. Fig. 1 is an 
exploded perspective view. Fig. 2 is a plan view taken 
from line A - A of Fig. 1 . 

[0020] Referring to Figs. 1 and 2, a boundary wave 
device 1 is fabricated in the following method. IDTs 3 
are formed on a main surface of a piezoelectric first sub- 
strate 2. A dielectric film 5 is formed on a main surface 
of the first substrate 2 so that the dielectric film 5 coats 
the IDTs 3 and has a smooth surface 4. A Si second 
substrate 6 is layered on the main surface of the first 
substrate 2 with the dielectric film 5 formed. 
[0021 ] The first substrate 2 is composed of for exam- 
ple LiNbOs- Alternatively another piezoelectric material 
such as LiTaOs or crystal may be used. 
[0022] The material of the IDTs 3 is for example Al. 
Alternatively another conductive material such as Cu, 
Ta, or an Al alloy thereof may be used. In addition, such 
materials may be laminated. The IDTs 3 are composed 
of a pair of exciting IDTs 7 and a pair of receiving IDTs 
8; the pair of IDTs being faced to each other. Alterna- 
tively a plurality of pairs of the exciting IDTs 7 and a plu- 
rality of pairs of the receiving IDTs 8 may be disposed. 
In addition, a reflecting electrode may be disposed in 
such a manner that it surrounds the IDTs 3. Moreover, 
an absorbing material may be disposed in such a man- 
ner that it surrounds these IDTs. 
[0023] In other words, the boundary wave device 
according to the present invention can be used instead 
of for example the above-described conventional SAW 
device. The boundary wave device can be used for a fil- 
ter, a delay line, a resonator, an oscillator, an analog sig- 
nal processing circuit, an amplifier, and a convolver, a 
memory. However, in this case, the structure of the IDTs 
3 may be varied corresponding to the application, spec- 
ifications, and so forth. 

[0024] The dielectric film 5 is composed of for example 
Si02- The dielectric film 5 coats the IDTs 3 and has a 
smooth surface 4. In other words, the dielectric film 5 is 
formed between the IDTs 3 and the Si second substrate 
6. In addition, the surface 4 of the dielectric film 5 con- 
tacts the Si second substrate 6 without a gap. 
[0025] The second substrate 6 is composed of for 
example Si. Alternatively the second substrate 6 may 
be composed of another Si material such as amorphous 
silicon or poly-silicon. Since the dielectric film 5 is 
formed between the IDTs 3 and the Si second substrate 
6, when the Si second substrate 6 is of n- type or p- type 
with a low specific resistance that is normally used for a 
semiconductor integrated circuit, it can prevent a DC 
current from leaking from the IDTs 3. 
[0026] A boundary wave is propagated through a 
boundary surface between two types of solid state sub- 
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stances. A theoretical study concerning the presence of 
the boundary wave has been reported by Shimizu, Irino, 
et. al. "Theoretical Study of Stoneley Wave that is prop- 
agated through a boundary surface between ZnO and 
glass", Journal of The Institute of Electronics and Com- 
munication Engineers, Japan (C), J65-C, 11, pp. 883- 
890. The paper describes a structure of which one of 
two types of solid state substances is ZnO that is a pie- 
zoelectric material and the other type is glass. At least 
one of the two types of solid state substances has pie- 
zoelectric characteristic for exciting a boundary wave. 
With a wave of which energy of a boundary wave con- 
centrates on and is propagated through a boundary sur- 
face between the two types of solid state substances, a 
boundary wave device is accomplished. 

[0027] Next, a fabrication method for the boundary 
wave device according to the present invention will be 
described. 

[0028] Fig. 3 is a schematic diagram for explaining a 
fabrication method for a boundary wave device accord- 
ing to an embodiment of the present invention. In this 
example, a boundary wave device used with a radio fre- 
quency signal at approximately 200 MHz is considered. 
[0029] An Al film 3a is formed on a piezoelectric first 
substrate 2 by evaporating method or spatter method 
(see Fig. 3 (a)). The thickness of the Al film 3a is for 
example in the range from 0.02 to 0.07 X, (= 0. 1 0 to 0.15 
|Lim) and preferably 0.05 X (= 0.12 ^m) (where X repre- 
sents a wavelength). 

[0030] Next, the Al film 3a is processed by for example 
photoengraving method. Thus, IDT patterns 3b are 
formed (see Fig. 3 (b)). 

[0031] A Si02 film 5a is formed on the piezoelectric 
first substrate 2 with the IDT patterns 3b formed (see 
Fig. 3 (c)). The thickness of the film 5a is for exanple in 
the range from 0.2 to 0.7 A, (= 1 .2 to 1 .5 jim) and prefer- 
ably slightly larger than 0.5 X (= 1 .2 |Lim). Thus, the thick- 
ness of the Si02 film 5a should be larger than the 
thickness of the Al film 3a. 

[0032] Next, the surface of the Si02 film 5a is abraded 
and smoothed to eliminate irregularity (see Fig. 3 (d)) so 
that the thickness of the Si02 film 5a is for example 0.5 
X {= 1.2 \Lm). In this case, the IDT patterns 3b are 
coated with the Si02 film 5a. 

[0033] Next, a surface 4 of the Si02 film 5a and a main 
surface of the Si second substrate 6 are treated with for 
example solution of ammonium peroxide. Thus, the sur- 
face of the Si02 film 5a and the main surface of the Si 
second substrate 6 are hydroxylated (see Fig. 3 (e)). 
[0034] The surface 4 of the Si02 film 5a and the main 
surface of the Si second substrate 6 are contacted and 
heated to approximately 300°C for one to two hours 
(see Fig. 3 (f)). 

[0035] With such a heat treatment, OH groups on the 
surfaces of the two types of substrates bond together 
and H2O becomes free. Thus, the Si02 film 5a and the 
Si second substrate 6 that are different materials are 
directly contacted. The heating temperature is prefera- 



bly approximately 300°C. However, the heating temper- 
ature may be in the range from 100 to lOOO^'C. When 
the heating temperature is 100°C or less, the OH 
groups of the two types of substrates do not bond 
5 together. On the other hand, when the heating tempera- 
ture is 1000°C or more, the heat may adversely affect 
the structural members of the device. 

[0036] As shown in Fig. 2, in the boundary wave 
device fabricated at the above-described fabrication 

10 steps, the IDTs 3 and the piezoelectric first substrate 2 
are contacted without a gap. Thus, the conversion effi- 
ciency of an elastic wave excited by the IDTs 3 can be 
improved. In addition, since the dielectric film 5 is 
formed between the IDTs 3 and the Si second substrate 

15 6 (namely, the IDTs 3 and the Si second substrate 6 are 
not directly contacted), the device can be prevented 
from being affected by parasitic resistance between the 
IDTs 3. In the above-described fabrication method, as 
shown in Fig. 3 (d), the surface of the Si02 film 5a is 

20 abraded so that the IDT patterns 3b are coated with the 
Si02 film 5a. Alternatively, as shown in Fig. 4, the sur- 
face of the Si02 film 5a may be abraded so that the IDT 
patterns 3b are exposed. This is because the conver- 
sion efficiency of an elastic wave excited by the IDTs 3 

25 can be improved. 

[0037] The boundary wave device according to the 
present invention can be used as a filter, a delay line, a 
resonator, an oscillator, an analog signal processing cir- 
cuit, an amplifier, a convolver, a memory, and so forth. A 

30 filter, a delay line, a resonator, and so forth that have 
such boundary wave devices can be used for a portable 
telephone unit, a PHS unit, a TV set, and so forth. 
[0038] Fig. 5 is a block diagram showing the structure 
of a mobile communication unit such as a portable tele- 

35 phone unit or a PHS unit. 

[0039] Referring to Fig. 5, a radio wave received 
through an antenna 151 is separately supplied to a 
receiving system by an antenna duplexer 152. The sep- 
arated signal is amplified by an amplifier 153. Thereaf- 

40 ter, a reception band-pass filter 154 extracts a desired 
band. The resultant signal is inputted to a mixer 155. A 
local oscillation signal oscillated by a PLL oscillator 156 
is inputted to the mixer 155 through a local oscillation fil- 
ter 157. An output of the mixer 155 is outputted as a 

45 reception sound from a speaker 160 through an IF filter 
158 and an FM demodulator 159. A transmission sound 
that is inputted from a microphone 161 is inputted to a 
mixer 163 through an FM modulator 162. A local oscilla- 
tion signal oscillated by a PLL oscillator 164 is inputted 

50 to the mixer 1 63. An output of the mixer 1 63 is outputted 
as a transmission wave through a transmission band- 
path filter 165, a power amplifier 166, and the antenna 
duplexer 152. 

[0040] The boundary wave device according to the 
55 present invention can be used for each portion of the 
mobile communication unit. For example, the boundary 
wave device according to the present invention can be 
used as an RF filter for each of the transmission band- 
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pass filter 165, the reception band-pass filter 154, the 
local oscillation filter 157, and the antenna duplexer 
1 52. In addition, the boundary wave device according to 
the present invention is used as a narrow-band IF filter 
necessary Ibr selecting a channel. Moreover, the 5 
boundary wave device according to the present inven- 
tion is used as a resonator for FM-modulating an audio 
signal in the FM modulator 162. 
[0041] The boundary wave device according to the 
present invention can be used for an oscillating circuit of 10 
an RF modulator in a VTR and a CATV. Fig. 6 shows the 
structure of such a circuit. In Fig. 6, reference numeral 
1 67 is a boundary wave device according to the present 
invention, and reference numeral 168 is a circuit portion. 

15 

Industrial Applicability 

[0042] As described above, since a boundary wave 
device according to the present invention comprises a 
piezoelectric first substrate, a plurality of electrodes, 20 
formed on a main surface of the piezoelectric first sub- 
strate, for exciting a boundary wave, a dielectric film 
formed on the piezoelectric first substrate so that the 
dielectric film coats the plurality of electrodes and has a 
smooth surface, and a Si second substrate layered on 25 
the surface of the dielectric film, the conversion effi- 
ciency of a boundary wave exited by the electrodes can 
be improved. In addition, the device is prevented from 
being affected by parasitic resistance between the elec- 
trodes. 30 
[0043] In addition, since a fabrication method for a 
boundary wave device according to the present inven- 
tion comprises the steps of forming a plurality of elec- 
trodes for exciting a boundary wave on a main surface 
of a piezoelectric first substrate, forming a dielectric film 35 
on the main surface of the first substrate with the plural- 
ity of electrodes formed, smoothing the surface of the 
dielectric film formed on the main surface of the piezoe- 
lectric first substrate, and layering a Si second substrate 
on the surface of the smoothed dielectric film, the 40 
boundary wave device with an improved conversion effi- 
ciency of a boundary wave excited by the electrodes 
can be provided. In this case, when the thickness of the 
dielectric film is larger than the thickness of the plurality 
of electrodes and when the surface of the dielectric film 45 
is smoothed so that the plurality of electrodes are not 
exposed, the device can be prevented from being 
affected by parasitical resistance between the elec- 
trodes. 

50 

Claims 

1 . A boundary wave device, comprising: 



8 

a dielectric film formed on said piezoelectric 
first suk>strate so that said dielectric film coats 
said plurality of electrodes and has a smooth 
surface; and 

a Si second suk)strate layered on the surface of 
said dielectric film. 

2. A fabrication method for a boundary wave device, 
comprising the steps of: 

(a) forming a plurality of electrodes for exciting 
a boundary wave on a main surface of a piezo- 
electric first substrate; 

(b) forming a dielectric film on the main surface 
of the first substrate with the plurality of elec- 
trodes formed; 

(c) smoothing the surface of the dielectric film 
formed on the main surface of the piezoelectric 
first substrate; and 

(d) layering a Si second substrate on the sur- 
face of the smoothed dielectric film. 

3. The fabrication method as set forth in claim 2, 
wherein the step (b) is performed by forming the 
dielectric film so that the thickness of the dielectric 
film is larger than the thickness of the plurality of 
electrodes, and 

wherein the step (c) is performed by smoothing the 
surface of the dielectric film so that the plurality of 
electrodes are not exposed. 
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a piezoelectric first substrate; 55 
a plurality of electrodes, formed on a main sur- 
face of said piezoelectric first substrate, for 
exciting a boundary wave; 
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